I. INTRODUCTION
Assessment of runoff from a catchment is very important for hydrologic analysis, water resources planning, integrated hydrology-hydraulic model development, flood studies and many other applications. A hydrologic model is a practical tool for estimation of catchment runoff. Hydrologic models can be classified as conceptual and physically based according to the physical processes involved in modelling [1] . In physically based model the detail physical processes can be represented in a deterministic way by the representations of mass, momentum and energy conservation where as in conceptual models each of the hydrologic processes are represented by simplified mathematical relationships [2] . According to the spatial description of the watershed process, hydrologic models can be classified as lumped or distributed. In a distributed model the spatial variability of vegetation, soil, topography, etc. is taken into account, while in a lumped model the spatial variability of watershed characteristics is ignored. The conceptual models are usually lumped while the physically based model in practice has to be distributed [3] . Distributed hydrologic models require huge data and model parameter identification that may limit their strength and their adequacy for operational purposes. In addition, there is no clear proof that distributed models contribute additional model efficiency. Therefore the use of lumped RR models still remains a valuable alternative as these models use well established physical laws at micro scale (such as Penman's potential evaporation model, Richard's infiltration equation, etc.).
The MIKE 11 NAM model [4] - [5] , the HEC-HMS model [6] , the RORB model [7] , the XP-RAFTS model [8] , the Tank model [9] , and the Sacramento model [10] are the examples of the lumped hydrologic model. In these models the parameters cannot be obtained directly from measurable quantities of catchment characteristics. Therefore the model calibration is essential. In the calibration process model parameters are estimated so that the model can simulate the hydrological behavior of the catchment as closely as possible [11] . A model calibration can be classified as manual or automatic. In manual calibration a trial-and error parameter adjustment is done based on a visual judgment by comparing the observed and the simulated discharge. It is very difficult to obtain a very good and hydrologically sound model by manual calibration as it involves the judgment of the modeller. Besides, it is very time consuming for an inexperienced hydrologist. On the other hand, in automatic calibration a computer based automatic procedure is applied to adjust the model parameters. In the automatic calibration the confidence of the model simulation can be explicitly stated and calibration process is very fast compared to manual calibration [12] . However single object function based automatic calibration is often insufficient to properly measure the simulation of all the important characteristics of a catchment [13] . Therefore multi-objective calibration procedure is very important for hydrological modelling.
The objective of the present study is to estimate the rainfall runoff discharges for the large Fitzroy Basin by using a conceptual rainfall runoff model, the MIKE 11 NAM, considering the multi-objective calibration. The multiple objective criteria are described in the "Material and Method" section. The model simulation was carried out for the period from 1972 to 2011. The automatic calibration was performed and hydrological model parameters were determined for each sub-catchment. The simulated and observed discharge hydrographs show a reasonable match. The output of this hydrological model was used to develop a full one-dimensional hydrodynamic module to calculate flow propagation for the complex and long river system of the Fitzroy Basin.
II. MATERIAL AND METHOD

A. Study Area
The study area is the Fitzroy Basin, which is located in the east part of Queensland, Australia (Fig. 1) . This area lies geographically between latitude 21°S and 27°S and longitude 147°E and 151°E [14] . The Fitzroy river catchment covers an area of 144,000 km 2 [14] . A total of 6 sub-catchments have been defined based on six major rivers of this basin. All of the sub-catchments are presented in Fig. 1 . 
B. Data
The historical daily time series data of rainfall and evaporation for the period 1972 to 2011 have been used to develop this model. The data have been provided by the Bureau of Meteorology (BoM), Australia. For this study, data of 40 rainfall stations and 4 evaporation stations were selected based on minimum missing records. There were no daily evaporation data in the two sub-catchments. Data from neighboring sub-catchments were used for the missing sub-catchments. Besides, there were some missing records during the selected period for rainfall and evaporation data. The missing data were filled up by applying the Arithmetic Mean Method [15] . The mean area weights or proportion of rainfall that a station contributes to each of the sub-catchment were determined using the Thiessen Polygon method and are presented in Table I .
The basic input requirements of the NAM model are given below.
• Catchment information (identification of catchments, area of the catchments, basin composition of catchment) • Meteorological data (rainfall and potential evaporation) • Hydrological data (discharge at the outlet of the catchments for model calibration and validation) • Model parameters (time constants and threshold values for routing surface storage, rootzone storage and groundwater storage)
C. Model Description
The hydrological model, MIKE 11 NAM was applied in this study. NAM is a Danish word and the full abbreviation is "Nedbør-Afstrømings-Model", meaning "precipitation-runoff-model".
Department of Hydrodynamics and Water Resources of the Technical University of Denmark was developed this model first [4] . The well-proven hydrological model NAM is widely used all over the world for different climate regimes [16] .
The NAM model structure is shown in Fig. 2 . The NAM model simulates the rainfall-runoff processes occurring in a single catchment or several catchments in a river basin. NAM is a rainfall-runoff module of MIKE 11 river modelling system. It can be applied independently or used to represent one or more contributing catchments that generate lateral inflows to a river network. NAM is a deterministic, lumped, conceptual model. In deterministic model, two separate simulations with the same input under identical conditions will always give the same result. Being a lumped model, each catchment is regarded as one unit and parameters are averaged. Being a conceptual model NAM is based on considerations of the physical processes. The NAM model represents three different and interrelated storages which are: 1) surface storage, 2) lower zone or root zone storage, and 3) groundwater storage. In the automatic calibration process the nine key parameters of the NAM model were determined that is presented in Table II . The rainfall-runoff estimation from the MIKE 11 NAM model can be divided in two stages. Best possible values of nine model parameter values were estimated using the automatic calibration process in the first stage. Then the model was simulated using the optimum model parameter values.
D. Multi-Objective Calibration
It is required to devise the calibration objectives in order to achieve a successful automatic calibration by using multiple objectives in MIKE 11 NAM. There are four objective functions in the NAM model. Madsen [13] described the computational procedure and theoretical justification of these four objective functions which are as follows. 1) Overall volume error (Agreement between the average observed and simulated catchment runoff) 2) Overall root mean square error (Overall agreement of the shape of the hydrograph) 3) Average root mean square error of peak flow events 4) Average root mean square error (RMSE) of low flow events The goodness-of-fit of the simulated hydrograph is a transformed and normalised measure of the overall RMSE which is based on Coefficient of Determination (R 2 ). R 2 is defined as follows:
where Q obs = observed value, Q sim = simulated values and obs Q = mean value of observed flow.
E. Model Performance
The performance of the model depends on the quality of model output. The output of the hydrological model is usually the discharge. The hydrological model can be assessed by visual inspection of graphical plots or statistical methods. The MIKE 11 NAM model performance was evaluated by the statistical method, Index of Agreement (IA), which was defined by Willmott [17] . IA value varies from 0 to 1 with 1 signifying the perfect agreement between simulated and observed values and 0 indicates no agreement at all. Efficiency Index (EI) was another hydrological model assessor as described by Nash and Sutcliffe [18] which had been widely used to detect the model error for the long term simulation. The EI was developed to evaluate the percentage of accuracy of the simulated values with respect to their observed values. EI values equal to 1 signifies the accurate performance of the model. The IA and EI are defined as: Fig. 3 . A reasonably good calibration was achieved which shows the ability of the model to predict stream flow. The overall trend is captured well by the model. Fig. 4 shows the comparison of simulated and observed discharge data during the past three flood event. The comparison indicates a good match of simulated data with the observed data. Table III . The automatic calibration yielded R 2 and %WBL (water balance error) values are presented in Table IV . "Reference [19] shows that the hydrological model is valid when R 2 > 0.80 and %WBL < 10%". From the Table IV it is clear that these two values meet the criteria for all sub-catchments. The main objective of this study was to get the optimum values of the nine model parameters of the six sub-catchments of the Fitzroy Basin using the four objective functions. These optimum model parameter values represent the runoff coefficient for a particular sub-catchment. The optimum model parameters values of the six sub-catchments are presented in Table V . These optimum values will be used to set up an integrated hydrologic and hydraulic model. He has eight years of professional experience in the field of Water Resources Engineering. His technical expertise includes hydrological analysis; river hydraulics; river morphology; hydraulic design of cross drainage structure; hydrological and morpholog ical data collection, processing and analysis. He worked in several projects categorized as integrated water resources management, tidal river management, flood and drainage study, drainage design, morphological study and climate change impact on basin level. He has developed, calibrated and validated several flood, drainage, sediment transport, salinity and heat dispersion model for different client based assignments. Currently he is working towards PhD degree at Central Queensland University, Rockhampton, Australia. He has six publications in the area of river management.
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